A computationally efficient algorithm for characterizing the superposition process of N heterogeneous and independent Interrupted Bernoulli Processes is introduced. The algorithm is then used to analyze a statistical multiplexer with finite buffer. Finally, numerical examples highlighting the algorithm accuracy are given.
INTRODUCTION
In an ATM environment many types of traffic, such as voice, data, and video, are to be efficiently transported by the same network. An ATM multiplexer receives cells (fixed size packets of 53 octets length) from a number of different incoming links and then transmits them out onto a single outgoing link. A finite buffer is provided in the multiplexer to accommodate the multiple arrivals of cells. Each arrival stream is modeled by a bursty and possibly a correlated process. The service time is deterministic and is equal to one slot ofthe outgoing link which is assumed to be long enough to transmit one cell.
The analysis of such a queueing system is quite complex due to the large number of arrival processes. A possible method for approximately analyzing the queue is to first characterize the superposition process of all arrival processes, and then analyze the queue with a single arrival process. In this paper, we consider the case when the arrival processes are modeled as multiple independent CHAPTER 25 heterogeneous Interrupted Bernoulli Processes (IBP). The IBP and its variants are popular models for bursty traffic sources in an ATM environment.
The problem of characterizing the superposition process of a set of arrival processes has been addressed extensively in the literature. One approach for obtaining the superposition process is to approximate it by a renewal process, see Albin [I], Whitt [16] , Sriram and Whitt [12] , and also Perros and Onvural [11] . An insightful discussion of the various time-scales affecting the accuracy of the approximate superposition of packet voice sources (modeled as a variant ofIBP) was provided in [12] . Heffes and Lucantoni [6] considered the superposition process of packet voice sources modeled as an IBP where arrivals occur periodically. They approximate the superposition by a Markov Modulated Poisson Process (MMPP). The accuracy of the superposition is reasonable when the average delay in the multiplexer is the amount of paramount importance. However, the superposition does not provide a good estimate for the probability of loss. Several other authors (see [3, 10, 15] ) considered the same problem and suggested alternative methods for characterizing the superposition process as an MMPP. The main objective of these papers was to improve the accuracy with regards to calculation of the cell loss probability. Heffes [5] obtained an MMPP approximation to the superposition of different MMPP arrival processes using a set of simple expressions.
An alternative method to model ATM multiplexers is the Uniform Arrival and Service (UAS) model (also known as fluid flow). In this case an on/off process produces a uniform flow of bits when in the on state. Cell departures are modeled as a uniform flow out of the queue. Anick, Mitra, and Sondhi [2] evaluated the system performance using elegant simple expressions for a multiplexer with infinite buffer space and homogeneous arrivals. Tucker[14] considered the finite buffer case. The methodology was generalized to the case of heterogeneous Markov Modulated Rate Processes in a series of papers [13, 4] .
The work presented in this paper is related to the methodology presented Hong, Perros, and Yamashita [7] and Makhamreh, McDonald and Georganas [9] . In [7] , the authors used an aggregation method for approximating the superposition process. They first obtained the exact probability transition matrix of the Markov chain of the superposition process. This Markov chain has a dimension which is exponential in the number of input sources. Subsequently, the Markov chain was aggregated in order to obtain a superposition process with a small number of states (linear function of the number of sources). The method is limited to a small number of input sources. In [9] , the authors used an aggregation method to analyze an output-buffered ATM switch with correlated imbalanced traffic.
